Abstract-The regioselective alkylation of pyridinium-N-(2 0 -pyridyl)aminide with alkyl dihalides under mild conditions, followed by N-N bond reduction of the corresponding bis-salts, allowed an easy preparation of N,N 0 -bis(2-pyridyl)diamines. The same methodology has been applied to the synthesis of N,N 0 ,N 00 -tris(2-pyridyl)triamines. q
The role of polyamines in biological systems is well recognized and, over the last two decades, many functions of prokaryotic and eukaryotic cells have been shown to be polyamine dependent. 1 -3 Natural and synthetic polyamines are potent cation-channel blockers and templates for the design of synthetic vectors with potential application in gene therapy. 3 A number of polyamine analogues have shown promise as anticancer agents 4, 5 and a platinum complex linked by a bridging diamine showed biological activity against various human cancer cell lines. 6, 7 The synthetic approaches to polyamine chemistry have been recently reviewed, being the N-alkylation of amines the most widely used reaction in polyamine synthesis. 8 To avoid polyalkylation, excess of amine or a suitable protecting group have to be used but, in the field of diamines and polyamines, mono N-alkylation has been achieved using cesium hydroxide. 9 In the last years, we have been interested in heteroaryl-stabilized cycloiminium ylides 1, as building blocks for the synthesis of heterocyclic derivatives 10 -15 and, more recently, we are exploring the synthetic utility of pyridinium N-(2 0 -azinyl)aminides 2 (Scheme 1). 16 -21 Some of our work in this field has been concerned with alkylation processes and in a preceding 21 paper we reported the regioselective synthesis of 2-alkylaminoazines 4 in a two-step method. As it is well known, the direct alkylation of heterocyclic amidines 5 is unsatisfactory as a preparative method, because mixtures of N-endosubstituted 6 and N-exosubstituted 7 derivatives are obtained and, usually, alkylation mainly occurs at the most basic endocyclic nitrogen 22, 23 (Scheme 1). However, when permanent nitride species, such as the pyridinium N-(2 0 azinyl)aminides 2, are used, regioselective alkylation takes place at the exocyclic nitrogen, and the salts 3 are obtained. Two factors can explain the observed regioselectivity, the stabilizing effect of the pyridinium moiety over the exocyclic N-aminide anion, and the existence of an intramolecular hydrogen bond blocking the a-nuclear nitrogen. 17 The final N -N bond reduction of the pyridinium salts affords the corresponding 2-alkylaminoazines 4.
This paper presents the results obtained in the synthesis of some N,N 0 -bis(2-pyridyl)diamines 11 from N-(2 0 -pyridyl)-aminide 2a (Het¼2-pyridyl) and the corresponding dihaloderivatives (molar ratio 2:1), by applying the two-step method previously described. The same methodology allows the synthesis of N,N 0 ,N 00 -tris(2-pyridyl)triamines 15. Preparation of the starting pyridinium N-aminides 2 has been previously described. 17 ,18
Results and discussion
Different dihaloderivatives 8 were reacted at room temperature with the N-(2 0 -pyridyl)aminide 2a to produce the bis-pyridinium salts 9 as the main products (Scheme 2). Reduction with formic acid/triethylamine in the presence of Pt/C, 18 afforded the corresponding diamines 11 ( Table 1 ). The alkylation process employing a benzylic dihaloderivative, as a,a 0 -dibromoxylenes, 2,2 0 -bis(bromomethyl)-1,1 0 -biphenyl or 2,5-bis(bromomethyl)pyridine, afforded a quantitative yield of the bis-salts 9i -m (Table 1) , in a highly regioselective process, where no traces of the regioisomers 10 were detected in the reaction mixture.
The same process, when applied to the less reactive aliphatic dihaloderivatives took place in the same way, yielding the bis-salts 9a-h as the main products, but also the corresponding ring alkylated derivatives 10 in a rough 10 -15% yield, detected by 1 H NMR. As chain length increases, longer time was necessary to obtain a similar conversion, and in compounds 9a-f about a 15% of starting aminide 2a was always detected. On the contrary, with short dialkylating agents, like in the synthesis of 12 (Scheme 3) from 1,2-diiodoethane or 1,3-diiodopropane, no bis-alkylation was observed on 2a, probably due to electronic repulsion in the intermediate salt. With diiodoethane, 2a was recovered as hydroiodide, indicating a predominance of the elimination process, while compound 13 was obtained from 1,3-diiodopropane.
When 1-bromo-2-(2-bromoethoxy)ethane or 1-iodo-2-[2-(2-iodoethoxy)ethoxy]ethane were used as alkylating agents, the bis-salts 9g and 9h were obtained with similar yields than analogous compounds 9b and 9e. Monoalkylation product was detected in the synthesis of 9g and, when the reaction mixture was reduced, 4-pyridin-2-yl morpholine 24 was obtained together with the diamine 11g.
When the process was applied to the synthesis of tris-salts 14, (Scheme 4) the process occurred with high regioselectivity and yield. In this case, a mixture of acetonitrile and N,N-dimethylformamide was used as solvent, to avoid precipitation of the intermediates bis-salts, insolubles in acetone, the usual solvent. Then, the usual reduction with formic acid/triethylamine -Pd/C produced the triamines 15.
As a conclusion, the use of pyridinium N-aminides like 2a,b, can be a good way to produce di-or polialkylamino derivatives bearing 2-aminoheterocyclic fragments, where properties like basicity, or coordinating ability, can be easily modulated.
Experimental
All melting points were determined in open capillary tubes, on a Gallenkamp MFB-595-010M and are uncorrected. IR spectra were obtained on a Perkin-Elmer FTIR 1725X spectrometer. 1 H and 13 C NMR (300 and 75 MHz, respectively) spectra were recorded on a Varian Unity 300 MHz spectrometer at room temperature. Chemical shifts are given in ppm (d) relative to TMS. Coupling constants (J) are in hertz (Hz), and signals are described as follows: s, singlet; d, doublet; t, triplet; br., broad; m, multiplet; ap., apparent; etc. Mass spectra (m/z, I%) were recorded on a VG AutoSpec (Micromass Instrument). Elemental analyses were carried out on a Heraeus Rapid CHN analyzer and are within 0.4% of the theoretical values for all the new compounds described. All reagents were obtained from commercial sources and used without further purification. All solvents were purified, dried and finally distilled before use following reported procedures. 25 TLC analyses were performed on silica gel 60 plates F 254 (Macherey -Nagel) and flash purifications were carried out on silica gel 60 (40 -63 mm, Merck) and/or employing Biotage columns, using the solvent eluting reported for each case. Spots were visualized under UV light. Ylides 2a,b have been previously described. 17, 18 2.1. Preparation of pyridinium salts 9a -m and 14a,b
General method. To a solution of the pyridinium N-(2 0 -pyridyl)aminide 2a (514 mg, 3 mmol) in acetone (15 mL), the corresponding dihalide (1.4 mmol) was added, and the mixture was stirred at room temperature until no progress was observed by TLC. The salts were obtained either as solids, which were filtered, washed with acetone and recrystallized or as oils, which were washed with diethyl ether and used in the next step without further purification. To obtain 9g and 9h, THF (15 mL) was used as solvent. The salts 14 were obtained in the same way from pyridinium N-(2 0 -pyridyl)aminide 2a (770 mg, 4.5 mmol) for 14a or from pyridinium N-(5 0 -bromo-2 0 -pyridyl)aminide 2b (1.13 g, 4.5 mmol) for 14b, and 2,4,6-tris(bromomethyl)-mesitylene 26 (500 mg, 1.4 mmol) in a mixture of acetonitrile (13.5 mL) and N,N-dimethylformamide (1.5 mL). 
Brown oil (500 mg, 50% for 11b); d H (300 MHz, CD 3 OD) 9.27 (4H, dd, J¼5.9, 1.3 Hz, H2 (6) 
Brown oil (442 mg, 55%, total yield, 50% for 9g); d H (300 MHz, CD 3 OD) 9.20 (4H, dd, J¼6.7, 1.4 Hz, H2 (6) 
Reduction of pyridinium salts
General method. Platinum on charcoal (5%) (260 mg) was suspended into a solution of the pyridinium bis-salts (0.6 mmol) in CH 3 CN (9 mL) and cooled in an ice bath with stirring. Formic acid (98%, 2.6 mL) in CH 3 CN (4.5 mL) and then triethylamine (6.2 mL) in the same solvent (9 mL) were added dropwise. The reaction mixture was refluxed for 4 h. The resulting suspension was filtered through Celite, the filtrate was evaporated, made basic with saturated aq. solution of potassium carbonate and extracted with ethyl acetate (3£25 mL). The combined organic phases were dried over MgSO 4 , filtered and evaporated to dryness. The residue was purified by flash chromatography (ethyl acetate) and finally, recrystallized and identified. Reduction of pyridinium tris-salts 14 was accomplished in the same way, using platinum on charcoal (5%) (390 mg) in CH 3 CN (13.5 mL), formic acid (3.9 mL) in CH 3 CN (6.6 mL) and triethylamine (9.3 mL) in the same solvent (13.5 mL). 
N,N
2.2.5. N,N 0 -Dipyridin-2-yl-octane-1,8-diamine (11e
